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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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DeSALVO ET AL. 



Examiner : H . Phan 



Serial No. 09/724,256 



Filing Date: November 28, 2000 



Confirmation No. 7913 



For: 



OPTICALLY AMPLIFIED 
RECEIVER 



Art Unit: 2633 



RECEIVED 

MAY 2 1 2004 



Technology Center 2600 



SUPPLEMENTAL DECLARATION UNDER 37 C.F.R. 1.131 



Mail Stop Amendment 
Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

We, JOHN DeSALVO, MICHAEL LANGE, SCOTT BRICKER, RANDALL 
K. MORSE and JANE CLAIRE WHITE, hereby declare: 

1. We are the joint inventors of claims 1-31 of U.S. 
patent application serial no. 09/724,256 identified above, and 
the subject matter described and claimed therein. This 
Supplemental Declaration is submitted to supplement the original 
Declaration Under 37 CFR §1.131 filed in response to the Office 
Action mailed August 13, 2003, in which we conclusively showed 
that we had conceived and reduced to practice the claimed 
invention before September 30, 1998, the effective date of U.S. 
Patent No. 6,384,948 to Williams et al . In the subsequent Office 
Action mailed February 6, 2004, the Examiner rejected most claims 
as obvious over U.S. Patent No. 6,366,376 to Miyata et al., filed 
December 31, 1998 (based on a continuation application filed on 
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February 14, 1997), in view of U.S. Patent No. 5,854,704 to 
Grandpierre filed June 25, 1997. This Supplemental Declaration 
resubmits sheets 1-8 that were originally submitted in the 
previous Declaration and adds new sheets 01 and 1A. Sheet 01 is 
an earlier page from an inventor's laboratory notebook than 
original sheet 1, filed in the original Declaration. Sheet 01 
shows an earlier date of conception. 

2. Prior to February 14, 1997, the effective date of 
cited U.S. Patent No. 6,366,376 to Miyata et al . , we had 
conceived our invention that is described and claimed in the 
above-identified patent application while working in the United 
States in the Palm Bay, Florida facility of Harris Corporation. 
We worked diligently on developing the claimed invention from the 
time of conception to reduction to practice at a date after 
February 14, 1997, but before September 30, 1998. From the time 
of reduction to practice to the filing of the above-identified 
patent application, we worked diligently on developing a 
commercially feasible optically amplified receiver of the present 
invention . 

3. Before February 14, 1997, joint inventprs, 
DeSalvo, Lange and Bricker, had initially worked on the 
development of a structure and circuit for optically amplifying 
signals to deliver a clean current source through an injection 
laser diode' as part of an optically amplified receiver that 
optimizes a system and is incorporated into a single assembly. 
Joint inventors, DeSalvo,. Lange and Bricker, were later joined by 
joint inventors, Randall K. Morse and Jane Claire White, to 
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design and reduce to practice an improved optically amplified 
receiver based upon the initial research of joint inventors, 
DeSalvo, Lange and Bricker. 

4. Before February 14, 1997, we conceived an 
optically amplified receiver using an optical preamplifier, 
bandpass filter, PIN detector and amplifier circuit. Initial 
conception drawings are shown in the laboratory notebook sheets 
01, 1, 1A and 2 of Exhibit 1 attached hereto. Sheet 01 is the 
earliest sheet from the laboratory notebook and shows the initial 
conception drawing, with a WDM line having different wavelength 
signals. A portion of the signal branches off into a separate 
line through an optical broadcast node shown by the large dot. 
This branch signal line passes through a first and second erbium 
doped fiber amplifier, i.e., an optical preamplifier. The 
optical communications signal is split through an optical 
demultiplexer and passes through bandpass filters that receive 
and select the signal channel and filter out noise. A PIN 
detector shown as a diode receives the optical communications 
signal from the bandpass filter and converts the optical 
communications signal into an electrical communications signal. 
Sheet 1A shows numerical figures about the variable erbium doped 
fiber amplifier preamplifier gain. Sheets 3-7 of Exhibit 1 also 
show the development and the initial conception of the optically 
amplified receiver. As evident and as set forth in the 
previously submitted Declaration, Exhibit 1 clearly shows the 
work resulting in an optical preamplifier for receiving an 
optical communications signal over a fiber optic communications 
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line. The bandpass filter receives the signal and selects the 
signal channel and filters out noise. A PIN detector receives 
the optical communications signal from the bandpass filter and 
converts the optical communications signal into an electrical 
communications signal. An amplifier circuit amplifies the 
electrical communications signal . Sheet 7 shows a technical 
memorandum that was written by one of the joint inventors. 

5. The joint inventors worked diligently to reduce to 
practice this invention from the time of conception and tested 
the invention as shown by the receiver sensitivity experiment on 
sheet 8 of the laboratory notebook in Exhibit 1 after February 
14, 1997, but before September 30, 1998. 

6. The dates are deleted on the sheets from Exhibit 1 
and all dates are prior to September 30, 1998. 

1. We hereby declare that all statements made herein 
of our own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon . 




4 




In re Patent Application o 
DeSALVO ET AL. 
Serial No. 09/724,256 
Filing Date: 11/28/2000 



Date 
Date 



Date 




Date 




RANDALL K. HORSE 



J^NE CLAIRE WHITE 



5 




i i 



Z. ■ 



2 


3 


4 


6 


8 


9 


16 


12 


32 


15 


64 


18 



^1 



3: 



3 100 

o 
'■3 
c 



o 
a 

"c5 
c 
to 



50 - 



--.^ Ideal amplification 
Fiber amplifier ■ 



3 -50 H 

c 
ca 

'5 -100 
O 



ASE to signal power 
" . ratio 



10 



iiiui^ i inua 1 1 iii^ inuia iiiii^ iiiiii^ mini 1 1 iii^ 1 1 iii^ mi 

10 , A -8 ,r>-6 ,a-« ia-2 



! ! 



10 - ° 10'° MP 10 

Signal input power (mW) 
Figure 6.1 Gain- and ASE-to-signal ratio for fiber pumped with 20 mW at 1480 nm [lj, 



10 u 



! ! 



ML 



I ! 
! I 



213 ILL 



I 1 



I ! 



! ! i 
_i I L. 



1 
i 

i 
i 

i 

j 





/-•^K-UCx-V • t^drwVs. jOA <^ ^J^^- V^-— » ■ mK^f^^ ; : r— : 

J^A^lJ^d^^L^^ 



jiis^ia^vc^JI^JbJ^IU^ --- ': 

~J>^^^.^itC(tyJ^ - I 

RECEIVED 

•■ MAY 21:200* 
Technology center 2600. 




1 



sal 4 



— S3 



!J 



%%%%%%%%%%%%%%%%%%*%* %%%m%%%%%%%%% 

%% VARIABLE EDFA PRE-AMPLIFIER GAIN 
%% Richard DeSalvo 

%%%%%%%%%%%%%%%%%%%%*%%* %%%%%%%%%%%% 
clear 

e = 1.60217733e-19; 
h = 6. 6260755e-34; 
c- - 2.99792458e+8; 
k = 1.380658e-23; 
T = 300; 
lr = 1552. 5e-9; 



% elementary charge (C) 
% Plank's constant (J*sec) 
% speed of light (m/s) 
% Boltzman's constant (J/K) 
% absolute temperature (K) 
% ITU Draft recomendation 
% for reference wavelength (nm) 




(193.1 THz) 



hnu 
Nch 



h*c/lr; 

4; % 

deltal = 1.0e-9; % 
df = c*(deltal/lr A 2) ; % 
l=zeros(size(l:Nch) ) ; 
for j = l:Nch, 

f = 193.1el2 + df*(j 

l(j) - c/f; % 

end 

Pc - 250.0e-6; % 

pt = Nch*Pc; % 

RIN - -135; % 

r - 10; % 

a = 0.25; % 

Ns = 2; % 

Dl = 75; % 

D2 = Dl/2; % 

Nu =64; % 



Number of channels 
channel spacing (nm) 
channel spacing (Hz) 



- (Nch/2 +1)); 

WDM channel center wavelengths (m) 

avg. optical power per channel (W) 
composite optical power (W) 
laser RIN (dB/Hz) 

Tx extinction ratio (dB) .. B/w . 

attenuation coefficient at 1550 nm (dB/km) 
Number of fiber spans 
fiber span between repeaters (km) 

max fiber length between repeater and star coupler (km) 
total optical nodes per star coupler 



%%% OPTICAL LOSSES 

Ls = -a*Dl; 

Ltx = -a*D2; 

Lex = 0.0; 

Lsc = -10*logl0 (Nu) ; 

Lscx = -4.0; 

Let = Lsc + Lscx 

Lbp = -2; 

Lst = Ns*Ls; 

Lext « Ns*Lex; 

Lt = Lst + Lext + Ltx + 

Lsc + Lscx; 
Lr = Ltx + Lsc + Lscx + 

Lext ; 
Gt = -Lst; 
Gr = -Ls; 
NFr * 5.5; 
Bor = 30; 

BWr = c* (Bor*le-9)/lr*2; 



% optical loss per span (dB) 

% fiber loss to star coupler (dB) 

% excess optical loss per span (dB) 

% optical splitting loss from star coupler 

% excess loss in star coupler (dB) 

% total coupling loss (dB) 

% EDFA OBTF insertion loss (dB) 

% Total fiber attenuation loss (dB) 

% Total excess loss (dB) 



(dB) 



% Total path averaged optical loss 



(dB) 



% Optical node Routing loss to EDFA pre-amp(dB) 
% Total Tx system EDFA gain (dB) 
% Repeater EDFA optical gain (dB) 
% Repeater EDFA noise figure (dB) 
% Rep. EDFA optical bandwidth (nm) 

Hwr = n- mor-Ac-*!/ *-/ % Rep. BW (Hz) 

Til TRANSMlIsJoN SYSTEM LOOP TO CALCULATE ASE POWER 
Pspo = 0; % counter for ASE power loop 

f ° r ° = _ 1 m S 5*10- (0 l*NFr) ) * (0. l*Gr) -1) *hnu*BWr; 

PspT _ = P^p 1 pipo'ltT (0 . As) nCT (0. l*Gr) *1CT (0 . 1'Lex) ; 

Pspo = PspT; 
■end %% ASE POWER LOOP 

%%% OPTICAL POWERS AT EDFA PRE-AMP INPUT 
Pava = Pc*10M0.1MNs*Gr + Lt)); % Avg optical power (W) 
P^vgdB - io*loglO(1000*Pavg); % Avg opt. power (dBm) 
PM = 2*Pavg*10" (0.1*r) /. . - 

(l<T(0.1*r) + 1); 
PS = 2*Pavg/. . . 

(10 A (0.1*r) + 1); 
Pase = PspT*10 A (0.1MLr-Lext) ) 
U WDM RX PRE-AMP GAIN LOO? 
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% Mark power (W) 

% Space power (W) 
% ASE power (W) 
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Technical Memorandum 

JA 4139-0301 



Title: Sensitivity Calculation for an 
EDFA Pre-Amplified pin Photodetector 
Receiver 

Author: Richard DeSalvo 



1.0 Introduction 

This memo s umm a r izes the analysis performed in calculating the receiver 
sensitivity for an erbium-doped fiber optical pre-amplifier and pin photodetector. The 
receiver is assumed to operate at 2.488 Gb/s. The EDFA is modeled after the OptiGain 
Model 4012 optical pre-amplifier and the receiver module is modeled after the Sumitomo 
SDT 8908-R-Q fiber optic receiver module. The analysis is based on Chapter 3, 
"Photodetection of optically amplified signals," in Desurvire's Eibium-Dop ed Fitw 
Amplifiers - Principles and Application. A block diagram describing the components 
modeled and their appropriate parameters is shown in Figure 1. 




EDFA 

Pre-amplifier 



Tumble Low-noise 
Bandpass P in Electrical 

Fitter 4 detector Amplifier Integration Decision 



Data 



NF ■ 4.0 dB 



Lbp =_lr1* dB 
a o = 25 GHz 



Clock 
Recovery 



Clock 



R « 50 ohms 
Rsp n 0.85 
B e »2 QHz 



calculated 

noise floor* -29 dBm (optical) 



Figure 1 Block diagram representation of an OPA + D receiver with 
parameters used in the sensitivity model presented. 
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